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(54) METHOD FOR TRANSMITTING AND RECEIVING SIGNAL FOR LOW LATENCY IN WIRELESS 
COMMUNICATION SYSTEM AND APPARATUS THEREFOR

(57) A method for a terminal transmitting an uplink
signal for low transmission latency in a wireless commu-
nication system, according to one embodiment of the
present invention, comprises the steps of: transmitting
to a base station an uplink control channel containing
control information on an uplink data channel; and trans-

mitting the uplink data channel. Here, the uplink data
channel is transmitted in at least one advanced subframe
comprising M number of orthogonal frequency division
multiplexing (OFDM) symbols, and the uplink control
channel is transmitted in at least one special symbol
which is separate from the advanced subframe.
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Description

Technical Field

[0001] The present invention relates to a wireless access system, and more particularly, to a method for transmitting
and receiving a signal in a wireless communication system and an apparatus therefor.

Background Art

[0002] Wireless access systems have been widely deployed to provide various types of communication services such
as voice or data. In general, a wireless access system is a multiple access system that supports communication of
multiple users by sharing available system resources (a bandwidth, transmission power, etc.). Examples of multiple
access systems include a Code Division Multiple Access (CDMA) system, a Frequency Division Multiple Access (FDMA)
system, a Time Division Multiple Access (TDMA) system, an Orthogonal Frequency Division Multiple Access (OFDMA)
system, and a Single Carrier Frequency Division Multiple Access (SC-FDMA) system.

Disclosure

Technical Problem

[0003] An object of the present invention is to provide a method for transmitting and receiving a signal in a wireless
communication system and an apparatus therefor. Another object of the present invention is to provide a method for
allocating resources to minimize latency. Still another object of the present invention is to provide a new resource structure
to minimize latency. Further still another object of the present invention is to provide a method for efficiently performing
downlink and uplink transmission and reception through the new resource structure.
[0004] It will be appreciated by persons skilled in the art that the objects that could be achieved with the present
invention are not limited to what has been particularly described hereinabove and the above and other objects that the
present invention could achieve will be more clearly understood from the following detailed description.

Technical Solution

[0005] According to the embodiment of the present invention, a method for enabling a user equipment to transmit an
uplink signal for low transmission latency in a wireless communication system comprises the steps of transmitting to a
base station an uplink control channel including control information on an uplink data channel; and transmitting the uplink
data channel. In this case, the uplink data channel is transmitted in at least one advanced subframe comprising M number
of orthogonal frequency division multiplexing (OFDM) symbols, and the uplink control channel is transmitted in at least
one special symbol which is separate from the advanced subframe.
[0006] According to another embodiment of the present invention, a method for enabling a base station to receive an
uplink signal for low transmission latency in a wireless communication system comprises the steps of receiving an uplink
control channel, which includes control information on an uplink data channel, in a user equipment; and receiving the
uplink data channel based on the control information. In this case, the uplink data channel is transmitted via at least one
advanced subframe that includes M number of orthogonal frequency division multiplexing (OFDM) symbols, and the
uplink control channel is transmitted in at least one special symbol which is separate from the advanced subframe.
[0007] According to still another embodiment of the present invention, a user equipment for transmitting an uplink
signal for low transmission latency in a wireless communication system comprises a transmission and reception module
transmitting and receiving a signal; and a processor controlling the transmission and reception module to transmit an
uplink control channel, which includes control information on an uplink data channel, and transmit the uplink data channel.
In this case, the uplink data channel is transmitted via at least one advanced subframe that includes M number of
orthogonal frequency division multiplexing (OFDM) symbols, and the uplink control channel is transmitted in at least one
special symbol which is separate from the advanced subframe.
[0008] According to further still another embodiment of the present invention, a base station for receiving an uplink
signal for low transmission latency in a wireless communication system comprises a transmission and reception module
transmitting and receiving a signal; and a processor controlling the transmission and reception module to receive an
uplink control channel, which includes control information on an uplink data channel, from a user equipment and receive
the uplink data channel. In this case, the uplink data channel is transmitted via at least one advanced subframe that
includes M number of orthogonal frequency division multiplexing (OFDM) symbols, and the uplink control channel is
transmitted in at least one special symbol which is separate from the advanced subframe.
[0009] The followings may commonly be applied to the aforementioned embodiments.
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[0010] Preferably, the uplink control channel may include configuration information of the at least one advanced
subframe.
[0011] Also, a sum of a transmission slot of the at least one advanced subframe and a special symbol transmission
slot including the at least one special symbol may correspond to a transmission slot of a legacy subframe that includes
N number of OFDM symbols.
[0012] Preferably, M may be 3.
[0013] The other special symbol except the at least one special symbol from the special symbols
[0014] may be used to transmit at least one of an uplink synchronization signal and an uplink channel sounding signal,
or may be used for measurement of an interference signal.
[0015] Meanwhile, each of first and second special symbols of the at least one special symbols may include control
information on an uplink data channel transmitted via its subsequent advanced subframe.
[0016] Preferably, the first special symbol may include control information on an uplink control channel transmitted
form the second special symbol.
[0017] More preferably, the control information on an uplink control channel transmitted form the second special symbol
may include a frequency band of the uplink control channel transmitted in the second special symbol.
[0018] Also, the subsequent advanced subframes may be at least 2 advanced subframes.
[0019] The aforementioned description of the present invention and detailed description, which will be described later,
are only exemplary, and are intended for additional description of the invention cited in claims.

Advantageous Effects

[0020] According to the present invention, a method for transmitting and receiving a signal to minimize latency in a
wireless communication system is provided. In more detail, a new resource structure is provided, and a method for
allocating resources by using the new resource structure is provided, whereby a user equipment can normally and
efficiently transmit and receive a physical channel.
[0021] It will be appreciated by persons skilled in the art that that the effects that can be achieved through the present
invention are not limited to what has been particularly described hereinabove and other advantages of the present
invention will be more clearly understood from the following detailed description.

Brief Description of the Drawings

[0022] The accompanying drawings, which are included to provide a further understanding of the invention, illustrate
embodiments of the invention and together with the description serve to explain the principle of the invention. In the
drawings:

FIG. 1 is a diagram illustrating a structure of a radio frame;
FIG. 2 is a diagram illustrating a resource grid at a downlink slot;
FIG. 3 is a diagram illustrating a structure of a downlink subframe;
FIG. 4 is a diagram illustrating a structure of an uplink subframe;
FIG. 5 is a diagram illustrating reference of transmission and reception latency in case of downlink transmission
and reception of a 3GPP LTE system;
FIG. 6 is a diagram illustrating latency reference of downlink transmission and reception according to one embodiment
of the present invention;
FIG. 7 is a diagram illustrating a transmission resource structure in a 3GPP LTE system;
FIG. 8 is a diagram illustrating a transmission resource structure according to one embodiment of the present
invention;
FIG. 9 is a diagram illustrating positions of special symbols as one example of a resource structure applied to the
present invention;
FIG. 10 is a diagram illustrating positions of special symbols as another example of a resource structure applied to
the present invention;
FIG. 11 is a diagram illustrating a time slot transmission resource structure intended for interworking within a random
FFT/IFFT size as one example of a resource structure applied to the present invention;
FIG. 12 is a diagram illustrating a method for using special symbols in downlink transmission as one embodiment
of the present invention;
FIG. 13 is a diagram illustrating a method for using special symbols in downlink transmission as another embodiment
of the present invention;
FIG. 14 is a diagram illustrating a method for using special symbols in uplink transmission as other embodiment of
the present invention;
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FIG. 15 is a diagram illustrating a resource structure according to the present invention in case of extended CP; and
FIG. 16 is a block diagram illustrating a communication apparatus according to one embodiment of the present
invention.

Best Mode for Carrying Out the Invention

[0023] The following embodiments are proposed by combining constituent components and characteristics of the
present invention according to a predetermined format. The individual constituent components or characteristics should
be considered optional factors on the condition that there is no additional remark. If required, the individual constituent
components or characteristics may not be combined with other components or characteristics. Also, some constituent
components and/or characteristics may be combined to implement the embodiments of the present invention. The order
of operations to be disclosed in the embodiments of the present invention may be changed. Some components or
characteristics of any embodiment may also be included in other embodiments, or may be replaced with those of the
other embodiments as necessary.
[0024] The embodiments of the present invention are disclosed based on a data communication relationship between
a base station and a terminal. In this case, the base station is used as a terminal node of a network via which the base
station can directly communicate with the terminal. Specific operations to be conducted by the base station in the present
invention may also be conducted by an upper node of the base station as necessary.
[0025] In other words, it will be obvious to those skilled in the art that various operations for enabling the base station
to communicate with the terminal in a network composed of several network nodes including the base station will be
conducted by the base station or other network nodes other than the base station. The term "Base Station (BS)" may
be replaced with a fixed station, Node-B, eNode-B (eNB), or an access point as necessary. The term "relay" may be
replaced with the terms Relay Node (RN) or Relay Station (RS). The term "terminal" may also be replaced with a User
Equipment (UE), a Mobile Station (MS), a Mobile Subscriber Station (MSS) or a Subscriber Station (SS) as necessary.
[0026] It should be noted that specific terms disclosed in the present invention are proposed for convenience of
description and better understanding of the present invention, and the use of these specific terms may be changed to
other formats within the technical scope or spirit of the present invention.
[0027] In some instances, well-known structures and devices are omitted in order to avoid obscuring the concepts of
the present invention and important functions of the structures and devices are shown in block diagram form. The same
reference numbers will be used throughout the drawings to refer to the same or like parts.
[0028] Exemplary embodiments of the present invention are supported by standard documents disclosed for at least
one of wireless access systems including an Institute of Electrical and Electronics Engineers (IEEE) 802 system, a 3rd
Generation Partnership Project (3GPP) system, a 3GPP Long Term Evolution (LTE) system, an LTE-Advanced (LTE-
A) system, and a 3GPP2 system. In particular, steps or parts, which are not described to clearly reveal the technical
idea of the present invention, in the embodiments of the present invention may be supported by the above documents.
All terminology used herein may be supported by at least one of the above-mentioned documents.
[0029] The following embodiments of the present invention can be applied to a variety of wireless access technologies,
for example, CDMA (Code Division Multiple Access), FDMA (Frequency Division Multiple Access), TDMA (Time Division
Multiple Access), OFDMA (Orthogonal Frequency Division Multiple Access), SC-FDMA (Single Carrier Frequency Di-
vision Multiple Access), and the like. CDMA may be embodied through wireless (or radio) technology such as UTRA
(Universal Terrestrial Radio Access) or CDMA2000. TDMA may be embodied through wireless (or radio) technology
such as GSM (Global System for Mobile communication)/GPRS (General Packet Radio Service)/EDGE (Enhanced Data
Rates for GSM Evolution). OFDMA may be embodied through wireless (or radio) technology such as Institute of Electrical
and Electronics Engineers (IEEE) 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802-20, and E-UTRA (Evolved UTRA).
UTRA is a part of UMTS (Universal Mobile Telecommunications System). 3GPP (3rd Generation Partnership Project)
LTE (long term evolution) is a part of E-UMTS (Evolved UMTS), which uses E-UTRA. 3GPP LTE employs OFDMA in
downlink and employs SC-FDMA in uplink. LTE-Advanced (LTE-A) is an evolved version of 3GPP LTE. WiMAX can be
explained by IEEE 802.16e (WirelessMAN-OFDMA Reference System) and advanced IEEE 802.16m (WirelessMAN-
OFDMA Advanced System). For clarity, the following description focuses on IEEE 802.11 systems. However, technical
features of the present invention are not limited thereto.

Radio Frame Structure

[0030] A structure of a radio frame is explained with reference to FIG. 1.
[0031] In a cellular OFDM radio packet communication system, UL/DL (uplink/downlink) data packet transmission is
performed by a unit of subframe. And, one subframe is defined as a predetermined time interval including a plurality of
OFDM symbols. In the 3GPP LTE standard, a type 1 radio frame structure applicable to FDD (frequency division duplex)
and a type 2 radio frame structure applicable to TDD (time division duplex) are supported.
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[0032] FIG. 1 (a) is a diagram for a structure of a type 1 radio frame. A DL (downlink) radio frame includes 10 subframes.
Each of the subframes includes 2 slots. And, a time taken to transmit one subframe is defined as a transmission time
interval (hereinafter abbreviated TTI). For instance, one subframe may have a length of 1 ms and one slot may have a
length of 0.5 ms. One slot may include a plurality of OFDM symbols in time domain and may include a plurality of resource
blocks (RBs) in frequency domain. Since 3GPP LTE system uses OFDMA in downlink, OFDM symbol is provided to
indicate one symbol interval. The OFDM symbol may be named SC-FDMA symbol or symbol interval. Resource block
(RB) is a resource allocation unit and may include a plurality of contiguous subcarriers in one slot.
[0033] The number of OFDM symbols included in one slot may vary in accordance with a configuration of CP. The
CP may be categorized into an extended CP and a normal CP. For instance, in case that OFDM symbols are configured
by the normal CP, the number of OFDM symbols included in one slot may be 7. In case that OFDM symbols are configured
by the extended CP, since a length of one OFDM symbol increases, the number of OFDM symbols included in one slot
may be smaller than that of the case of the normal CP. In case of the extended CP, for instance, the number of OFDM
symbols included in one slot may be 6. If a channel status is unstable (e.g., a UE is moving at high speed), it may be
able to use the extended CP to further reduce the inter-symbol interference.
[0034] FIG. 1 (b) is a diagram for a structure of a downlink radio frame of type 2. A type 2 radio frame includes 2 half
frames. Each of the half frame includes 5 subframes, a DwPTS (downlink pilot time slot), a GP (guard period), and an
UpPTS (uplink pilot time slot). Each of the subframes includes 2 slots. The DwPTS is used for initial cell search, syn-
chronization, or a channel estimation in a user equipment. The UpPTS is used for channel estimation of a base station
and matching a transmission synchronization of a user equipment. The guard period is a period for eliminating interference
generated in uplink due to multi-path delay of a downlink signal between uplink and downlink. Meanwhile, one subframe
includes 2 slots irrespective of a type of a radio frame.
[0035] The radio frame may be configured differently depending on a duplex mode. In a frequency division duplex
(FDD) mode, downlink transmission and uplink transmission may be identified from each other by frequency, whereby
the radio frame includes only one of the downlink subframe and the uplink subframe in a specific frequency band. In a
time division duplex (TDD) mode, downlink transmission and uplink transmission may be identified from each other by
time, whereby the radio frame includes both the downlink subframe and the uplink subframe in a specific frequency band.
[0036] Particularly, FIG. 1(b) illustrates a structure of a radio frame for TDD, which is used in a 3GPP LTE(-A) system.
Table 1 illustrates uplink-downlink configuration of subframes within the radio frame in the TDD mode.

[0037] Referring to Table 1, D represents a downlink subframe, U represents an uplink subframe, and S represents
a special subframe. The special subframe includes a downlink pilot time slot (DwPTS), a guard period (GP), and an
uplink pilot time slot (UpPTS). The DwPTS is a time period reserved for downlink transmission, and the UpPTS is a time
period reserved for uplink transmission. Table 2 illustrates a configuration of the special subframe.

[Table 1]

Uplink-downlink configuration Downlink-to-Uplink Switch-point periodicity
Subframe number

0 1 2 3 4 5 6 7 8 9

0 5 ms D S U U U D S U U U

1 5 ms D S U U D D S U U D

2 5 ms D S U D D D S U D D

3 10 ms D S U U U D D D D D

4 10 ms D S U U D D D D D D

5 10 ms D S U D D D D D D D

6 5 ms D S U U U D S U U D

[Table 2]

Special 
subframe 

configuration

Normal cyclic prefix in downlink Extended cyclic prefix in downlink

DwPTS UpPTS DwPTS UpPTS

Normal cyclic 
prefix in uplink

Extended cyclic 
prefix in uplink

Normal cyclic 
prefix in uplink

Extended cyclic 
prefix in uplink

0 6592·Ts 7680·Ts
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[0038] The above-described structures of the radio frame are exemplary only. And, the number of subframes included
in a radio frame, the number of slots included in the subframe and the number of symbols included in the slot may be
modified in various ways.
[0039] FIG. 2 is a diagram for a resource grid in a downlink slot. Referring to FIG. 2, one downlink (DL) slot includes
7 OFDM symbols and one resource block (RB) includes 12 subcarriers in frequency domain, by which the present
invention may be non-limited. For instance, in case of a normal CP (Cyclic Prefix), one slot includes 7 OFDM symbols.
In case of an extended CP, one slot may include 6 OFDM symbols. Each element on a resource grid is called a resource
element. One resource block includes 12 x 7 resource elements. The number NDL of resource blocks included in a DL
slot may depend on a DL transmission bandwidth. And, the structure of an uplink (UL) slot may be identical to that of
the DL slot.

Downlink Subframe Structure

[0040] FIG. 3 is a diagram for a structure of a downlink (DL) subframe. Maximum 3 OFDM symbols situated in a head
part of a first slot of one subframe correspond to a control region to which control channels are assigned. The rest of
OFDM symbols correspond to a data region to which PDSCH (physical downlink shared channel) is assigned. Examples
of DL control channels used by 3GPP LTE system may include PCFICH (Physical Control Format Indicator Channel),
PDCCH (Physical Downlink Control Channel), PHICH (Physical hybrid automatic repeat request indicator Channel) and
the like. The PCFICH is transmitted in a first OFDM symbol of a subframe and includes information on the number of
OFDM symbols used for a transmission of a control channel within the subframe. The PHICH is a response channel in
response to UL transmission and includes an ACK/NACK signal. Control information carried on PDCCH may be called
downlink control information (hereinafter abbreviated DCI). The DCI may include UL scheduling information, DL sched-
uling information or a UL transmit (Tx) power control command for a random UE (user equipment) group.
[0041] PDCCH is able to carry resource allocation and transmission format (or called a DL grant) of DL-SCH (downlink
shared channel), resource allocation information (or called a UL grant) of UL-SCH (uplink shared channel), paging
information on PCH (paging channel), system information on DL-SCH, resource allocation to an upper layer control
message such as a random access response transmitted on PDSCH, a set of transmission power control commands
for individual user equipments within a random user equipment (UE) group, activation of VoIP (voice over IP) and the
like. A plurality of PDCCHs can be transmitted in a control region and a user equipment is able to monitor a plurality of
the PDCCHs. PDCCH is configured with the aggregation of at least one or more contiguous CCEs (control channel
elements). CCE is a logical assignment unit used to provide PDCCH with a code rate in accordance with a state of a
radio channel. CCE corresponds to a plurality of REGs (resource element groups). A format of PDCCH and the number
of bits of an available PDCCH are determined depending on correlation between the number of CCEs and a code rate
provided by the CCEs. A base station determines PDCCH format in accordance with DCI to transmit to a user equipment
and attaches CRC (cyclic redundancy check) to control information. The CRC is masked with a unique identifier (called
RNTI (radio network temporary identifier) in accordance with an owner or usage of PDCCH. If the PDCCH is provided
for a specific user equipment, the CRC can be masked with a unique identifier of the user equipment, i.e., C-RNTI (i.e.,
Cell-RNTI). If the PDCCH is provided for a paging message, the CRC can be masked with a paging indication identifier

(continued)

Special 
subframe 

configuration

Normal cyclic prefix in downlink Extended cyclic prefix in downlink

DwPTS UpPTS DwPTS UpPTS

Normal cyclic 
prefix in uplink

Extended cyclic 
prefix in uplink

Normal cyclic 
prefix in uplink

Extended cyclic 
prefix in uplink

1 19760·Ts 20480·Ts
2192·Ts 2560·Ts

2 21952·Ts 2192·Ts 2560·Ts 23040·Ts

3 24144·Ts 25600·Ts

4 26336·Ts 7680·Ts

5 6592·Ts 20480·Ts 4384·Ts 5120·Ts

6 19760·Ts
4384·Ts 5120·Ts

23040·Ts

7 21952·Ts - - -

8 24144·Ts - - -
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(e.g., P-RNTI (Paging-RNTI)). If the PDCCH is provided for system information, and more particularly, for a system
information block (SIB), the CRC can be masked with a system information identifier (e.g., SI-RNTI (system information-
RNTI). In order to indicate a random access response that is a response to a transmission of a random access preamble
of a user equipment, CRC can be masked with RA-RNTI (random access-RNTI).

PDCCH processing

[0042] When PDCCHs are mapped to REs, control channel elements (CCEs) corresponding to contiguous logical
allocation units are used. A CCE includes a plurality of (e.g. 9) REGs and an REG includes 4 neighboring REs except
for a reference signal (RS).
[0043] The number of CCEs necessary for a specific PDCCH depends on a DCI payload corresponding to control
information size, cell bandwidth, channel coding rate, etc. Specifically, the number of CCEs for a specific PDCCH can
be determined based on PDCCH format shown in Table 3.

[0044] While one of the above-mentioned four PDCCH formats may be used, this is not signaled to a UE. Accordingly,
the UE performs decoding without knowing the PDCCH format, which is referred to as blind decoding. Since operation
overhead is generated if a UE decodes all CCEs that can be used for downlink for each PDCCH, a search space is
defined in consideration of limitation for a scheduler and the number of decoding attempts.
[0045] The search space is a set of candidate PDCCHs composed of CCEs on which a UE needs to attempt to perform
decoding at an aggregation level. The aggregation level and the number of candidate PDCCHs can be defined as shown
in Table 4.

[0046] As shown in Table 2, the UE has a plurality of search spaces at each aggregation level because 4 aggregation
levels are present. The search spaces may be divided into a UE-specific search space (USS) and a common search
space (CSS), as shown in Table 2. The UE-specific search space is for a specific UE. Each UE may check an RNTI
and CRC which mask a PDCCH by monitoring a UE-specific search space thereof (attempting to decode a PDCCH
candidate set according to an available DCI format) and acquire control information when the RNTI and CRC are valid.
[0047] The common search space is used for a case in which a plurality of UEs or all UEs need to receive PDCCHs,
for system information dynamic scheduling or paging messages, for example. The common search space may be used
for a specific UE for resource management. Furthermore, the common search space may overlap with the UE-specific
search space.
[0048] The UE attempts to decode a search space, as described above. The number of decoding attempts is determined
by DCI format and transmission mode determined through RRC signaling. When carrier aggregation (CA) is not applied,
the UE needs to perform a maximum of 12 decoding attempts because 2 DCI sizes (DCI format 0/1A/3/3A and DCI

[Table 3]

PDCCH format Number of CCEs Number of REGs Number of PDCCH bits

0 1 9 72

1 2 18 144

2 4 36 288

3 8 72 576

[Table 4]

Search space
The number of PDCCH candidates

Aggregation level Size (CCE unit)

UE-specific

1 6 6

2 12 6

4 8 2

8 16 2

Common
4 16 4

8 16 2
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format 1C) have to be considered for each of 6 PDCCH candidates for a common search space. For a UE-specific
search space, 2 DCI sizes are considered for (6+6+2+2=16) PDCCH candidates and thus a maximum of 32 decoding
attempts is needed. Accordingly, a maximum of 44 decoding attempts needs to be performed when carrier aggregation
(CA) is not applied.

Enhanced Control Channel (E-PDCCH)

[0049] Enhanced-PDCCH (E-PDCCH) will hereinafter be described as a representative example of an enhanced
control channel.
[0050] While control information included in the above-described DCI formats is transmitted through a PDCCH defined
in LTE/LTE-A in the above description, the control information can also be transmitted through a downlink control channel
other than the PDCCH, for example, an enhanced PDCCH (E-PDCCH). The E-PDCCH is an extended form of a control
channel carrying DCI for a UE and may be used to effectively support inter-cell interference control (ICIC), CoMP, MU-
MIMO, etc.
[0051] The E-PDCCH is discriminated from the PDCCH in that the e-PDCCH and R-PDCCH are allocated to time-
frequency resource regions (e.g., a data region of FIG. 3) other than regions (e.g., a control region of FIG. 3) defined
for PDCCH transmission in LTE-LTE-A. In order to discriminate between a conventional PDCCH and E-PDCCH, the
conventional PDCCH is referred to as a legacy PDCCH. For example, resource element (RE) mapping of E-PDCCH
may indicate that REs of E-PDCCH are mapped to the remaining OFDM symbols other than initial N OFDM symbols
(e.g., N ≤ 4) of a downlink subframe in a time domain, and are also mapped to a set of semi-statically allocated resource
blocks (RBs) in a frequency domain.
[0052] Similar to the reason of E-PDCCH introduction, E-PHICH may be defined as a new control channel carrying
HARQ ACK/NACK information regarding uplink (UL) transmission, and E-PCFICH may be defined as a new control
channel carrying information of a resource region used for transmission of a DL control channel. E-PDCCH, E-PHICH
and/or E-PCFICH may be commonly referred to as enhanced - control channel(s).
[0053] Enhanced REG (EREG) may be used to define the Enhanced-control channel(s) - to - RE(s) mapping operation.
For example, 16 EREGs (i.e., EREG 0 to EREG 15) may be present in one PRB pair. The remaining REs other than
REs that are mapped to demodulation reference signal (DMRS) on a single PRB are numbered from 0 to 15. The
numbering order may first be based on the frequency increasing order, and then based on the time increasing order.
For example, REs indexed with ’i’ may construct one EREG i.
[0054] Enhanced control channel (e.g., E-PDCCH) may be transmitted using an aggregation of one or more enhanced
CCEs (ECCEs). Each ECCE may include one or more EREGs. The number of EREGs per ECCE may be, for example,
4 or 7. In case of a normal subframe of a normal CP, the number of EREGs per ECCE may be set to 4.
[0055] ECCEs available in E-PDCCH may be numbered from 0 to NECCE-1. For example, NECCE may be set to 1, 2,
4, 8, 16 or 32.
[0056] The number of REs of a PRB pair configured to transmit the E-PDCCH may be defined as the number of REs
satisfying the following conditions i), ii) and iii). The first condition (i) is that REs should be a part of one of 16 EREGs
of a PRB pair. The second condition (ii) is that REs need not be used for Cell-specific Reference Signal (CRS) or Channel
State Information - Reference Signal (CSI-RS). The third condition (iii) is that REs need to belong to OFDM symbols
having an index higher than that of a start OFDM symbol at which E-PDCCH starts.
[0057] In addition, E-PDCCH may be mapped to REs in different ways according to the localized scheme and the
distributed scheme. E-PDCCH may be mapped to REs configured to satisfy the following conditions a) to d). The first
condition (a) means that REs should be a part of EREG allocated for transmission. The second condition (b) means that
REs should not be a part of a PRB pair used to transmit a PBCH (Physical Broadcast Channel) or synchronization signal.
The third condition (c) means that REs need not be used for CRS or CSI-RS of a specific UE. The fourth condition (d)
means that REs should belong to OFDM symbols having an index higher than that of a start OFDM symbol at which E-
PDCCH starts.
[0058] E-PDCCH allocation may be carried out as follows. One or more E-PDCCH - PRB sets may be established for
a UE through higher layer signaling from a BS or eNB. For example, the E-PDCCH - PRB set for use in the case of E-
PDCCH may be used to monitor the E-PDCCH.
[0059] In addition, cross interleaving may or may not be applied to RE mapping of the E-PDCCH.
[0060] If cross interleaving is not applied, one E-PDCCCH may be mapped to a specific set of RBs, and the number
of RBs constructing the RB set may correspond to an aggregation level 1, 2, 4 or 8. In addition, other E-PDCCH may
not be transmitted through the corresponding RB set.
[0061] If cross interleaving is applied, plural E-PDCCHs are simultaneously multiplexed and interleaved, the E-PDCCHs
may be mapped to RBs allocated for transmission of the E-PDCCH. That is, the above-mentioned E-PDCCH-to-RB
mapping may also indicate that plural E-PDCCHs are simultaneously mapped to a specific RB set.
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DCI format 1A

[0062] DCI format 1A may refer to a DCI format used for compact scheduling of one PDSCH codeword within one
cell. In other words, DCI format 1A may include a variety of control information used in single-antenna transmission,
single-stream transmission, or Tx diversity transmission, etc. Table 5 and Table 6 show examples of DCI format 1A
defined in 3GPP LTE/LTE-A.

[0063] DCI format 1A including control information of Table 5 may be transferred from a BS (or eNB) to a UE through
PDCCH or E-PDCCH.
[0064] DCI format 1A includes information that is capable of scheduling the most basic downlink transmission (i.e.,
one PDSCH codeword transmission at Rank 1). Accordingly, if a complicated PDSCH transmission scheme, such as
transmission of at least Rank-2 and/or transmission of multiple codewords, is incorrectly performed, DCI format 1A may
be used to support the most basic PDSCH transmission scheme (i.e., a fallback usage).

Uplink (UL) subframe structure

[0065] FIG. 4 illustrates an uplink subframe structure. An uplink subframe may be divided into a control region and a
data region in the frequency domain. A physical uplink control channel (PUCCH) carrying uplink control information is
allocated to the control region and a physical uplink shared channel (PUSCH) carrying user data is allocated to the data
region. To maintain single carrier property, a UE does not transmit a PUSCH and a PUCCH simultaneously. A PUCCH
for a UE is allocated to an RB pair in a subframe. The RBs of the RB pair occupy different subcarriers in two slots. Thus
it is said that the RB pair allocated to the PUCCH is frequency-hopped over a slot boundary.
[0066] Reference of radio transmission and reception latency in a communication system in view of downlink trans-
mission and reception in the 3GPP LTE system will be described with reference to FIG. 5 below.
[0067] In FIG. 5, it is assumed that a downlink signal is transmitted from a random base station. The base station
starts transmission a downlink signal at a point (a) of FIG. 5. The downlink transmission signal is subjected to propagation
delay (PD), and starts to be received by a random UE at a point (b). In this case, the UE performs processing for the
received signal. For example, the UE buffers (0.5ms Buff.) the received signal in a signal storage memory at a length
of one slot and decodes a PDCCH from a received starting point (point (c) of FIG. 5) of a second slot of 0.5ms within a
subframe and completes decoding of the PDCCH to reach a received end point of the second slot.
[0068] Immediately after decoding of the PDCCH is completed, if it is identified that there is a received PDSCH, the
UE decodes the PDSCH in accordance with a format indicated by the PDCCH. The UE performs decoding of the PDSCH
at a level less than 2ms from a starting point to an end point. The UE configures the decoding result as ACK/NACK
information and is ready to transmit the configured information, and defines latency, which is required by a starting point
(point (d) of FIG. 5) where the base station receives the information, within 1ms.
[0069] The time from a timing point for transmitting a downlink signal from a base station to a PDSCH decoding end
point is defined as "one-way OTA (Over-The-Air) latency", and reference is defined that one-way OTA latency is performed
within 3ms.
[0070] Latency from the time when the base station starts data transmission to the time when the base station receives

[Table 5]

Carrier Indicator 0 or 3 bits

Flag for format 0/format 1A differentiation 1 bit

Localized/Distributed VRB assignment Flag 1 bit

Resource Block Assignment N bits

Modulation and coding scheme 5 bits

HARQ process number 3 bits(FDD), 4 bits(TDD)

New Data Indicator 1 bit

Redundancy Version 2 bits

TPC(Transmit Power Control) command for PUCCH 2 bits

Downlink Assignment Index 0 bit(FDD), 2bits(TDD)

SRS(Sounding Reference Signal) request 0 or 1 bit
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ACK/NACK transmission of a radio UE on the 3GPP LTE system is defined as "Roundtrip OTA latency" and reference
is defined that roundtrip OTA latency is performed within 4ms. "Roundtrip OTA latency" may be referred to as "ACK/NACK
(A/N) RTT (Round Trip Time)".
[0071] Another value except "Roundtrip OTA latency" may be applied to the radio transmission and reception latency
reference in accordance with implementation of a UE modem.
[0072] Meanwhile, in order that "one-way OTA (Over-The-Air) latency" or "Roundtrip OTA latency" is limited to 1ms
or less based on the reference described in FIG. 5, the following requirements for each element which is performed
should be satisfied. Hereinafter, the requirements will be illustrated in view of downlink transmission and reception.
[0073] FIG. 6 is a diagram illustrating latency reference of downlink transmission and reception latency according to
one embodiment of the present invention.
[0074] Latency reference of transmission and reception in view of One-way OTA and Roundtrip OTA latency will be
described with reference to FIG. 6.
[0075] Referring to FIG. 6, in view of One-way OTA, in order that radio transmission and reception latency is adjusted
to total 1ms or less, it is required to restrict a buffering period and decoding time required for a downlink signal transmitted
from the base station and then received by the UE through propagation delay (PD). In more detail, it is required to
configure one OFDM symbol slot sample buffering (0.071ms Buff.) period, and latency required for PDCCH decoding
and latency required for PDSCH decoding are respectively reduced as much as 1/4 and 1/5 as compared with FIG. 5.
[0076] Referring to FIG. 6, in view of Roundtrip OTA latency, in order that radio transmission and reception latency is
adjusted to total 1ms or less, latency caused by ACK/NACK transmission should be excluded. If ACK/NACK transmission
is applied, total latency of 1.5ms may be set as a target value.
[0077] As illustrated in FIG. 6, in order that "one-way OTA (Over-The-Air) latency" or "Roundtrip OTA latency" is limited
to 1ms or less, the following requirements should be satisfied.

(1) PDSCH decoding latency reduction: in order to restrict a receiving processing event of a symbol unit and restrict
a data information size which is a target of channel decoding, a time slot size of a transmit time interval (TTI) or
subframe which is a unit scheduled by a packet scheduler.
(2) PDCCH decoding latency reduction: in order to quickly define PDCCH decoding latency and PDSCH decoding
start timing point subsequent to the PDCCH decoding latency, PDCCH transmission symbols may be restricted or
scheduling information of a plurality of downlink data transmission subframes may be transferred through a random
UE-specific PDCCH.
(3) Exclusion of UE ACK/NACK transmission: ACK/NACK transmission is excluded in accordance with the condition
that the probability of error in downlink data transmission is sufficient by Automatic Repeat reQuest (ARQ) processing
only on a Layer 2 through enhancement of downlink network radio node transmission performance and enhancement
of UE downlink signal reception performance, whereby "Roundtrip OTA latency" can be reduced at 0.5ms or more.

[0078] Among the aforementioned methods for low latency, a new time slot transmission resource structure is sug-
gested for (1) PDSCH channel decoding latency reduction and (2) PDCCH decoding latency reduction, and a time slot
transmission resource structure intended for interworking with the legacy 3GPP LTE frame structure within a random
FFT/IFFT size will be described.
[0079] Hereinafter, a fully flexible UE-specific TDD (F2 UE-specific TDD) scheme is suggested to increase efficiency
in use of a frequency band and more actively support differential uplink-downlink data asymmetry based on service and
application of user unit, and a method for efficiently implementing and using full-duplex radio for simultaneous transmission
and reception within a single frequency band will be described.
[0080] First of all, a transmission resource structure according to the present invention will be described.
[0081] FIG. 7 is a diagram illustrating a transmission resource structure in a 3GPP LTE system.
[0082] As illustrated above, in case of normal cyclic prefix (CP) in the 3GPP LTE system, 14 continuous OFDM symbols
are designated by one transmission unit, and this will be defined as a subframe. At this time, the subframe has a length
of 1ms, and the LTE system performs user specific transmission data packet scheduling in a unit of 1ms subframe and
defines such user specific transmission data packet scheduling by means of a transmit time interval (TTI). A unit of the
TTI becomes a subframe of 1ms. 10 of such subframes are grouped and then defined as a radio frame, and a length of
a full radio frame becomes 10ms.
[0083] FIG. 8 is a diagram illustrating a transmission resource structure according to one embodiment of the present
invention.
[0084] The present invention suggests new transmission resource structure different from that of the legacy subframe
with reference to FIG. 8. In the present invention, a subframe comprised of N number (N≥1) of OFDM symbols is defined.
Also, M number of subframes comprised of N number of OFDM symbols and P number of special symbols (SS) for a
control physical signal or a control information transmission channel are grouped to define a random radio frame structure.
[0085] In this case, the number of repeated times M of the new subframe within a legacy subframe transmission slot
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may be determined based on the following Equation 1.

[0086] In the Equation 1, L is the number of OFDM symbols of the legacy subframe, and N is the number of OFDM
symbols included in the new subframe.
[0087] In this case, data may be transmitted through subframes, and a physical channel or a physical signal for control,
which is intended for control information transmission different from data transmission, may be transmitted through
special symbols. This new time slot resource transmission structure may be designated as a user specific transmission
structure specified in a user unit. Alternatively, the new time slot resource transmission structure may be designated as
a common transmission structure configured to be applied to entire users of a cell or system. Moreover, the resource
transmission structure may be configured to be restrictively applied depending on time.
[0088] If the resource transmission structure is the user common transmission structure, for designation of a base
station or network level, the resource transmission structure may be indicated to the UE through user common PDCCH
or user common RRC signaling by using system information. On the contrary, if the resource transmission structure is
the user specific transmission structure, the resource transmission structure may be indicated to the UE through user
specific PDCCH or user specific RRC signaling.
[0089] In FIG. 8, it is assumed that N = 3 and N = 4 as one example of the resource structure applied to the present
invention. That is, the resource structure according to FIG. 8 is defined that one subframe is comprised of 3 (=N) OFDM
symbols and a radio frame of 1ms length includes 4 (=M) subframes and 2 (=P) special symbols.
[0090] At this time, special symbols within the radio frame may be designed to be located at constant intervals within
the radio frame or on a plurality of radio frames in accordance with a purpose of use for transmission of a physical signal
intended for measurement, detection or information transfer. Also, a plurality of special symbols may be designed to be
continuously located at a special position within the radio frame in accordance with features of information or signal,
which is desired to be transmitted. Individual special symbols may be designed to be located on the radio frame at an
irregular period.
[0091] FIGS. 9 and 10 illustrate positions of special symbols in one example of a resource structure applied to the
present invention.
[0092] Referring to FIG. 9, a resource structure where two special symbols are continuously arranged at the first
position on the radio frame will be suggested as a resource structure applied to the present invention.
[0093] Referring to FIG. 10, a resource structure where two special symbols are continuously arranged at the last
position on the radio frame will be suggested as a resource structure applied to the present invention.
[0094] The special symbols on the time slot transmission resource structure suggested in the present invention can
be arranged in a unit of radio frame or special radio frame sets based on a special status (for example, ACK/NACK
transmission, reference signal transmission, etc.) given to each radio frame.
[0095] In order to notify the UE of the position of the special symbols, the following methods can be used. If the position
of special symbols per radio frame has periodicity in a unit of a specific length, index per pattern may be given to a
pattern of the position of the special symbols within the corresponding period. Also, a control information parameter in
the form of a bit-map of a radio frame unit may be used. The base station may transmit the parameter or index to the
UE through RRC signaling, may transmit the parameter or index to the UE through a downlink physical data channel by
using a MAC control element (CE), or may transmit the parameter or index to the UE through a PDCCH.
[0096] Meanwhile, the new time slot transmission resource structure suggested in the present invention may be
designated as the user specific transmission structure specified in a user unit in the frequency division duplex (FDD)
mode, or may be designated as the common transmission structure applied to entire users of the cell. Also, the new
time slot transmission resource structure may be applied to either both a downlink transmission band and an uplink
transmission band or only one of them.
[0097] Likewise, in a TDD mode or a full duplex mode which uses a specific radio resource in uplink and downlink
transmission, the new time slot transmission resource structure may be designated as the user specific transmission
structure specified in a unit of user or the common transmission structure applied to entire users of the cell. Also, the
new time slot transmission resource structure may be applied to either both time resources during downlink transmission
and time resources during uplink transmission or only one of them with respect to the specific transmission structure or
the common transmission structure.
[0098] In view of downlink-uplink time slot resource configuration on the TDD system, downlink transmission resources
and uplink transmission resources as illustrated in FIGS. 8 to 10 may be designated in a unit of a radio frame or a
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subframe within the radio frame. That is, the time slot transmission resource structure suggested in the present invention
may independently be applied to the uplink transmission resources and the downlink transmission resources by using
independent parameters. The independent parameters may be transmitted through a physical control channel or RRC
signaling. Meanwhile, the time slot transmission resource structure may simultaneously be applied to both the uplink
transmission resources and the downlink transmission resources in accordance with an application mode of the system.
In this case, the time slot transmission resource structure may commonly be applied to the uplink transmission resources
and the downlink transmission resources by using one parameter, wherein the one parameter may be transferred to the
UE through the physical control channel or RRC signaling.
[0099] Hereinafter, a method for using the special symbols will be described.
[0100] The time slot transmission resource structure suggested in the present invention is defined that special symbols
are included in the radio frame separately from the subframe. In this case, the special symbols may be used to transmit
special cell common control information or user specific control information or transmit a special cell common physical
signal or user specific physical signal (pilot, reference signal, synchronization signal, etc.), which is intended for meas-
urement or detection of the UE.
[0101] Hereinafter, embodiments (control information transmitted using special symbols or signal that can be trans-
mitted) that relate to the use of special symbols will be described for each case of a downlink and an uplink.

- Use of special symbols in downlink

[0102]

(1) PDCCH transmission: the base station may transmit a PDCCH to the UE through special symbols, and the UE
may receive a physical channel intended by the corresponding symbols. In this case, the PDCCH may include user
common control information or user specific control information, which should be transmitted from the base station
or random network radio node to the UE through a downlink. At this time, the PDCCH which is used may be designed
on a frequency resource on one special symbol. If a plurality of special symbols are used, the PDCCH may be
designed on a plurality of symbol resources and frequency resources.
(2) Downlink synchronization signal transmission: the base station may transmit downlink synchronization physical
signals through one or more special symbols to acquire downlink receiving synchronization of the UE. The downlink
synchronization physical signals may be a primary synchronization signal (PSS) and a secondary synchronization
signal (SSS) in the 3GPP LTE system. If this method is used, a position of special symbols used for synchronization
signal transmission within a random radio frame on a time slot transmission resource may be designated user-
commonly. In this case, the position of the special symbols may be designated permanently by the base station and
the UE without separate signaling.
(3) Downlink channel measurement pilot (or reference signal) transmission: the base station may transmit a downlink
channel measurement pilot through special symbols. In more detail, the downlink channel measurement pilot may
be transmitted through one or more special symbols defined separately from a user data channel transmission slot
for the purpose of controlling a system downlink that includes packet scheduler time-frequency resource configuration
adaptive to a radio channel on a radio packet transmission system and support of determination of a transmission
mode. The UE may perform radio channel measurement by using the corresponding pilot through the corresponding
special symbols.
If techniques for performing downlink transmission by using a plurality of transmitting antennas such as massive
MIMO antennas are applied to a mobile communication system in the future, a case where legacy data channel
transmission target resources are excessively used for pilot signal transmission may occur. The above method may
be used as a method for avoiding data transmission performance deterioration caused by excessive pilot use. If the
downlink channel measurement pilot is transmitted using a plurality of special symbols, a method for multiplexing
multiple pilot resource patterns of basic TDM and FDM modes may be used. In addition, a method for multiplexing
multiple pilot resource patterns of a CDM mode based on time slot orthogonal code application or frequency slot
orthogonal code application may be used.
(4) Use of interference signal measurement of UE: the base station may define special symbols to allow the UE to
measure an interference signal. The UE may measure a downlink receiving interference signal generated with
another network radio node or another UE in addition to a network radio node (or base station) served by the UE
through one or more special symbols.
For example, the UE served through a random network node may use a method for receiving special signals (pilots
or reference signals) of neighboring network radio nodes (or base stations) through the corresponding symbols. To
this end, the corresponding network radio nodes (or base stations) may exclude transmission of radio signals from
all subcarrier resources or partially designated subcarrier resources at special symbols on the time slot transmission
resource used for transmission. In this case, the signals transmitted from the special symbols on the plurality of
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network radio nodes may be designated as downlink channel measurement pilots (or reference signals), and all the
subcarrier resources within a specific pilot pattern or the corresponding symbol may specially be defined as null
power pilots to exclude radio signal transmission. That is, a transmission power at all the subcarrier resources within
the specific pilot pattern or the corresponding symbol may be set to 0 to exclude radio signal transmission.
For another example, in a state that a network radio node that serves the UE transmits a signal by using a specific
resource pattern of a specific channel specific pilot (or reference signal), the UE may perform an interference
measurement operation.
(5) Downlink ACK/NACK signal transmission for uplink data transmission: a downlink acknowledgement/non-ac-
knowledgement (ACK/NACK) signal for uplink data transmission may be defined as a physical channel on a random
special symbol. A system physical layer error detection correction mechanism operation may be defined such that
an uplink data receiving network radio node (or base station) may transmit a downlink ACK/NACK signal through
the corresponding special symbol and a UE that has transmitted uplink data may receive the ACK/NACK signal
through the corresponding special symbol.
(6) Downlink massive MIMO beam scanning signal transmission: if a massive MIMO downlink transmission scheme
is also applied to a radio network node (or base station) to which the time slot transmission resource structure
suggested in the present invention is applied, the network radio node (or base station) may transmit a signature,
pilot or reference signal for supporting user beam tracking of massive MIMO through a special signal at a certain
period. The UE may perform an operation for detecting the received signal through the corresponding special symbol.

- Use of special symbols in uplink

[0103]

(1) Uplink synchronization signal transmission: if the new time slot transmission resource structure according to the
present invention is applied to an uplink transmission frame structure, an uplink synchronization signal (for example,
PRACH preamble in the 3GPP LTE) of the UE can be transmitted at one special symbol length or a plurality of
special symbol lengths.
(2) Uplink channel sounding signal transmission: if an uplink channel sounding signal of the UE may be transmitted
through special symbols on the new time slot transmission resource structure according to the present invention. If
the base station indicates transmission of the uplink channel sounding signal, the base station may trigger the
channel sounding signal by adding a channel sounding transmission indicator to user specific uplink data transmission
grant PDCCH at a random time prior to the corresponding special symbol as much as a predetermined length.
Alternatively, the network may notify a transmission time of the channel sounding signal through a higher layer signal
(for example, RRC signaling) to support a more flexible operation. In this case, the predetermined length may be
designated in a unit of a radio frame or subframe. Meanwhile, in case of periodic channel sounding signal transmis-
sion, a transmission time of a channel sounding signal may be designated using a parameter through RRC signaling.
For the above two methods, timing of user specific channel sounding signal transmission attempt and resource
configuration may previously be notified to the UE by using the parameter. In this case, the timing and resource
configuration may be designated and notified by the parameter.
(3) Uplink physical control channel transmission: uplink control information of a random UE may be transmitted
using an uplink physical control channel transmitted through one or a plurality of special symbols. In this case, uplink
control information of the UE, which may be transmitted on the special symbols, may be defined as follows:

- uplink scheduling request information according to UE transmission buffer status change (data arrival);
- downlink channel measurement information of the UE; and
- ACK/NACK information for downlink data reception of the UE.

[0104] A type of the uplink physical control channel transmitted through one or a plurality of special symbols may be
designated considering request information (that is, bit size) of the aforementioned uplink control information.
[0105] Hereinafter, as methods for designating the type of the uplink physical control channel, the following methods
will be suggested.
[0106] Method 1: one uplink physical control channel that supports error occurrence restriction requirements required
for each information on a bit size of uplink control information of a broad range may be defined and applied to each
control information case.
[0107] Method 2: for a case where a great gap between a bit size of individual uplink control information and required
error occurrence restriction requirements is defined, individual uplink physical control channels that support maximum
possible control information bit size of corresponding information and error requirements may be defined per control
information and transmitted through one or a plurality of special symbols.
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[0108] (5) Use of interference signal measurement of UE: the base station may measure an uplink receiving interference
signal of another base station or the UE through one or more special symbols. The UE may measure a downlink receiving
interference signal generated with another base station other than the base station served by the UE or another UE
through one or more special symbols.
[0109] For example, a plurality of random UEs or a random base station may transmit a special pilot (or reference
signal or signature) intended for interference measurement by using one or more special symbols. In this case, the base
station may identify a periphery interference status by receiving and detecting the above signal. At this time, the base
station may exclude corresponding pilot transmission through special symbols of UEs which are the counter parties of
uplink reception. To this end, the base station may specially define a special pilot pattern or all subcarrier resources
within the corresponding symbol as null power pilot.
[0110] Hereinafter, the time slot transmission resource structure intended for interworking within a random FFT/IFFT
size will be described.
[0111] FIG. 11 is a diagram illustrating a time slot transmission resource structure intended for interworking within a
random FFT/IFFT size as one example of a resource structure applied to the present invention.
[0112] As described with reference to FIG. 8, in the present invention, a subframe comprised of N (N≥1) number of
OFDM symbols is defined. Also, M number of subframes comprised of N number of OFDM symbols and P number of
special symbols (SS) for a control physical signal or a control information transmission channel are grouped to define
a random radio frame structure.
[0113] In this case, the subframe comprised of N number of OFDM symbols is defined to correspond to TTI which is
a scheduling unit of one packet scheduler. The subframe corresponding to TTI which is a scheduling unit of the picket
scheduler will be referred to as an advanced subframe, a low-latency subframe, or a low latency (LL) subframe. Meanwhile,
the subframe corresponding to TTI which is the legacy scheduling unit will be referred to as a legacy subframe.
[0114] Meanwhile, in order to smoothly support matching of FDD version and TDD version of the legacy wireless
communication system, a CP length and an OFDM symbol length of the wireless communication system are defined
equally to each other.
[0115] Hereinafter, a method for determining the number N of OFDM symbols included in the advanced subframe will
be described. As described above, referring to FIGS. 5 and 6, in the present invention for reducing radio transmission
and reception latency, the advanced subframe is defined. In this case, the number of OFDM symbols included in the
advanced subframe may be determined based on the One-way OTA or Roundtrip OTA latency intended by the present
invention. That is, a value of the One-way OTA latency or Roundtrip OTA latency is reduced as compared with the OTA
latency value illustrated in FIG. 5.
[0116] In more detail, N may be determined by the following Equation 2.

[0117] In the Equation 2, N corresponds to a minimum integer value greater than a value obtained by dividing OTA
latency of the advanced system by OTA latency of the legacy system. In this case, OTA latency of the advanced system
corresponds to the above One-way OTA latency or Roundtrip OTA latency value. In the legacy system, OTA latency
corresponds to an OTA latency value in the system to which the new time slot resource structure is not applied.
[0118] If OTA latency of the advanced system is designed to be 1/4 of OTA latency in the legacy system, N is 3. That
is, the one advanced subframe may be configured to include 3 OFDM symbols.
[0119] Meanwhile, the number P of special symbols included in the one legacy subframe may be determined by the
following Equation 3.

[0120] In the Equation 3, L is the number of OFDM symbols included in the legacy subframe which is the subframe
of the legacy system, and mod is an operator and represents a remainder value obtained by dividing L by N. That is, P
corresponds to the remainder value obtained by dividing L by N.
[0121] If the legacy system is the LTE system in normal CP, since L is 14 and N is 3, P is 2. Therefore, in case of N
= 3, the legacy subframe includes a total of 4 advanced subframes and 2 special symbols.
[0122] If the legacy system is the LTE system in extended CP, since L is 12 and N is 3, P is 0. Therefore, in case of
N = 3, the legacy subframe includes a total of 4 advanced subframes only.
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[0123] Alternatively, the number P of special symbols included in the one legacy subframe may be determined by the
following Equation 4.

[0124] In the Equation 4, M corresponds to the number of transmission times of the advanced subframe within a
transmission slot of the legacy subframe.
[0125] However, if a subframe length for data channel decoding latency reduction is too short, many short subframes
may be defined on a unit time slot, whereby data resource efficiency may be deteriorated. Therefore, considering
efficiency of data resources, the advanced subframe may be defined to include 3 OFDM symbols. Likewise, in order to
smoothly support matching of FDD version and TDD version of the legacy wireless communication system, a CP length
and an OFDM symbol length of the wireless communication system are defined equally to each other. 4 advanced
subframes are defined to be included in a subframe length of 1ms which is a TTI unit of the legacy wireless communication
system. 4 advanced subframes and 2 special symbols are included in a 1ms unit length.
[0126] Hereinafter, in the present invention, a case where the above two special symbols are used for PDCCH trans-
mission intended to transmit control information of downlink transmission scheduling to the UE will be described. However,
the special symbols are not used restrictively for the PDCCH transmission, and may be used for various purposes of
use as described above.
[0127] FIG. 12 is a diagram illustrating a method for using special symbols in downlink transmission as one embodiment
of the present invention.
[0128] The special symbols may be used for PDCCH transmission to realize a time slot transmission resource structure
intended for low transmission latency. It is premised that the time slot transmission resource structure is matched with
the legacy frame structure of the 3GPP LTE as illustrated in FIG. 11.
[0129] Referring to FIG. 12, a special symbol located at the first position on the 1ms time slot transmission resource
structure may be used for common resource configuration with a PDCCH transmission resource slot of the 3GPP LTE
system. A random UE to which low transmission latency time slot resource structure is applied may perform blind
decoding at the special symbol located at the first position by using the same method as the legacy PDCCH decoding
method.
[0130] In more detail, the UE performs blind decoding for a user common control channel on a user common search
space and performs blind decoding for a user specific PDCCH on a user specific search space. To this end, a PDCCH
transmission symbol slot length (or PDCCH symbol slot length inferred from PDSCH transmission start symbol index)
designated as RRC parameter or CFI information of a PCFICH in the 3GPP LTE system may be designated fixedly as
one symbol (see (a) of FIG. 12) or two symbols (see (b) of FIG. 12).
[0131] In accordance with downlink data transmission resource configuration information detected through the above
process, the UE may identify information required for PDSCH reception with respect to first and second advanced
subframes and third and fourth advanced subframes and perform decoding for the PDSCH received based on the above
information. The information required for PDSCH reception is as follows:

(1) control information indicating an advanced subframe to which a PDSCH to be received by a random UE is
transmitted: index or bit map (for example, 4 bits in case of FIG. 12) type control information for the cases where
advanced subframe scheduling is possible may be defined;
(2) frequency resource configuration information of the PDSCH on the advanced subframe where downlink data
transmission for a random UE is performed; and
(3) control information required for UE reception operation such as a PDSCH related MCS, a multi-antenna MIMO
transmission scheme and retransmission/new data transmission on the advanced subframe where downlink data
transmission of a random UE is performed.

[0132] The control information described as above may be transmitted to the UE through one or more PDCCHs
transmitted on one or two designated special symbols and required for individual decoding. Hereinafter, methods for
configuring PDCCH will be suggested as follows.
[0133] Method 1: the base station may transmit all kinds of control information required for data reception within a full
slot of 1ms on a payload of one PDCCH. The UE may perform blind decoding for one PDCCH to receive downlink data.
[0134] Method 2: the base station may transmit control information required for data reception to N number of advanced
subframes within a PDCCH transmission period by dividing the control information into M (<N) number of PDCCHs. The
UE may perform blind decoding for M number of PDCCHs to receive downlink data based on previous RRC configuration
dynamic indication.
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[0135] As one embodiment, in (b) of FIG. 12, the base station may transmit a total of 2 (=M) PDCCHs to the UE. The
base station may transmit, to the UE, a PDCCH for transmitting the aforementioned control information related to downlink
data channel transmission for the first and second advanced subframes by carrying the corresponding control information
in payload and a PDCCH for transmitting the aforementioned control information related to downlink data channel
transmission for the third and fourth advanced subframes by carrying the corresponding control information in payload.
The UE may perform blind decoding for the two PDCCHs to receive the downlink data.
[0136] Method 3: the base station may transmit control information required for uplink data reception to each of N
number of advanced subframes within a PDCCH transmission period by dividing the control information into N number
of PDCCHs. In this case, the UE may perform blind decoding for N number of PDCCHs. For example, in FIG. 12, the
UE may perform blind decoding for 4 PDCCHs for decoding of a PDSCH of a subsequent advanced subframe.
[0137] In FIG. 12, frequency resource configuration is equally provided for PDSCHs of 4 advanced subframes. How-
ever, the example of FIG. 12 is only one embodiment, and frequency resource configuration is not limited to the example
of FIG. 12. Frequency transmission resources of different PDSCHs per advanced subframe may be designated. In other
ways, frequency resources of the PDSCHs may be configured in a unit of a plurality of some advanced subframes. For
example, frequency resources of PDSCHs transmitted to a random UE through first and second advanced subframes
may be configured equally, and frequency resources of PDSCHs transmitted to a random UE through third and fourth
advanced subframes may be configured equally.
[0138] Among the aforementioned methods, if frequency resources of individual PDSCHs transmitted to a random
UE through a plurality of advanced subframes are configured equally, various kinds of control information related to
transmission schemes such as MCS and multi-antenna MIMO transmission scheme may be configured equally.
[0139] Considering the aforementioned statuses, control information may be defined. In more detail, various kinds of
control information for PDSCH reception may be identified in a unit of an advanced subframe, or may be defined as one
kind applied on one or more advanced subframes.
[0140] If one of two special symbols within a full length of 1ms is used for PDCCH as illustrated in (b) of FIG. 12, the
second special symbol may be used for one of purposes of use described in the present invention. In case of (b) of FIG.
12, the second special symbol may be used for downlink synchronization signal transmission, downlink channel meas-
urement pilot (or reference signal) transmission, interference signal measurement of the UE, downlink ACK/NACK signal
transmission for uplink data transmission, and downlink massive MIMO beam scanning signal transmission, as described
in the present invention. Therefore, at the second special symbol, the base station may transmit a physical signal
associated with each of the aforementioned used methods, and the UE may perform received detection measurement
of the signal.
[0141] The downlink ACK/NACK signal for uplink data transmission may be transmitted by being multiplexed with the
PDCCHs on the special symbol to which the PDCCH is used and which is used for decoding of the UE. Also, the downlink
ACK/NACK signal may be configured in the same manner as a PHICH channel transmission scheme and UE reception
scheme of the legacy wireless communication system.
[0142] FIG. 13 is a diagram illustrating a method for using special symbols in PDCCH transmission as another em-
bodiment of the present invention.
[0143] Referring to FIG. 13, another example of a downlink scheduling method related to PDCCH transmission on a
specific symbol resource for supporting downlink data reception in a UE will be suggested.
[0144] In FIG. 13, a PDCCH within a slot of 1ms may be transmitted through a first special symbol resource within a
slot of 1ms to signal downlink data reception related control information of a random UE. In this case, the time slot
transmission resource structure is premised to be matched with the legacy frame structure of the 3GPP LTE system as
illustrated in FIG. 11.
[0145] Moreover, the base station may transmit the PDCCH through a special symbol resource designated at a seventh
symbol position. In this case, the PDCCH may include scheduling information for supporting data channel decoding of
the UE for its subsequent PDSCH transmitted through advanced subframes for downlink transmission within a designated
slot of 1ms. At this time, a frequency resource of a second special symbol within a slot of 1ms may be defined by a full
downlink system band or a partial frequency resource band. The corresponding band of the special symbol may be
designated by the following methods.

(1) Method 1: the frequency band for corresponding PDCCH transmission of the second special symbol may be
designated as a frequency band designated at the latest advanced subframe prior to the second special symbol
within the corresponding slot of 1ms. In this case, the latest advanced subframe corresponds to one of advanced
subfames #1 and #2 illustrated in FIG. 13, which is scheduled with the highest index. In this case, downlink trans-
mission scheduling of advanced subframes #3 and #4 transmitted using the second special symbol within the slot
of 1ms is performed on the premise that at least one downlink data is transmitted on the advanced subframes #1
and #2 prior to the second special symbol.
In view of the UE, If the UE does not detect its downlink data channel related PDCCH through the first special symbol
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of the designated slot (that is, 1ms slot of FIG. 13), the corresponding UE may not perform decoding for the second
special symbol resource on the assumption that there is no PDCCH to be decoded by the UE in the second special
symbol. A failure in detection of the PDCCH may mean that there is no PDSCH to be received by the corresponding
UE in the advanced subframes #3 and #4. Therefore, the UE may not perform data channel decoding for the
advanced subframes #3 and #4.
(2) Method 2: the base station may transmit at least one PDCCH through the first special symbol, and the UE that
has received the PDCCH may acquire decoding target frequency resource control information of the second special
symbol through demodulation decoding of a corresponding physical control channel. The PDCCH may include
control information related to reception and transmission of a downlink or uplink data channel. If the base station
transmits at least one PDCCH, which includes control information on a specific UE, through the first special symbol,
the base station may include frequency resource information of the second special symbol in control information of
payload of all of the corresponding PDCCHs or payload of specific some of the corresponding PDCCHs.

[0146] When the frequency resource information of the second special symbol is included in some PDCCHs or one
PDCCH not all of the PDCCHs, the frequency resource information may first be included in a control channel for a
downlink data channel. Also, if a PDCCH that will include the corresponding information is selected, the PDCCH may
be selected for advanced subframe indexes for scheduling a downlink or uplink data channel in an ascending order or
descending order.
[0147] In the present invention, description of FIGS. 11 to 13 is made on the assumption of matching with the legacy
wireless communication system (for example, 3GPP LTE system) within FFT/IFFT size. However, the technologies
suggested in the description of FIGS. 11 to 13 according to the present invention may be applied even on the assumption
of carrier configuration and channel design for the new system. In this case, related channels may newly be designed
in accordance with a new system design status to transmit the PDCCH and a downlink ACK/NACK signal for uplink data
transmission, which is multiplexed as the case may be, and reception operations of the UE may newly be defined.
[0148] In the method for transmitting a PDCCH through a special symbol resource as described in FIGS. 12 to 13, a
specific PDCCH transmitted from the base station to the UE may have attributes of control information indicating the
result of uplink transmission scheduling to the UE. The specific PDCCH may be expressed as an uplink grant (PDCCH)
physical downlink control channel. In this case, the uplink time slot transmission resource structure may be used as a
structure intended for low transmission latency.
[0149] For example, 4 advanced subframes may be configured within a subframe of 1ms in the 3GPP LTE system as
a basic configuration of the time slot transmission resource structure of FIG. 11. In this case, the position of the special
symbol applied to the uplink may be varied depending on its purpose of use.
[0150] FIG. 14 is a diagram illustrating a method for using a special symbol in uplink transmission as other embodiment
of the present invention.
[0151] It is assumed that time slot transmission resource structures suggested in FIG. 14 are used for uplink trans-
mission. However, as the case may be, the time slot transmission resource structures suggested in FIG. 14 may be
used as downlink time slot transmission resource structures in accordance with a special purpose of use of the special
symbol. Likewise, the time slot transmission resource structures may be used for uplink transmission on the premise
that the time slot transmission resource structure intended for downlink transmission described in FIGS. 11 and 12
supports a special purpose of use of the special symbol. Resources of special symbols of a special position as suggested
in FIG. 14 may be used to transmit a physical signal for the purpose of one of uplink synchronization signal transmission,
uplink channel sounding signal transmission, PUCCH transmission, and physical signal transmission for interference
signal measurement of the UE.
[0152] As a method for transmitting user transmission scheduling indication control information on 4 uplink advanced
subframes shown in FIG. 13 through an uplink grant PDCCH, the method for transmitting a downlink physical channel
as suggested in FIGS. 11 and 12 may be used.
[0153] Also, as detailed methods for generating control information for designating whether an advanced subframe is
transmitted to an uplink for a random UE, frequency resource configuration, MCS and a transmission scheme, related
methods for defining control information for indicating downlink data reception suggested in the description of FIG. 12
or 13 may be used.
[0154] Also, as a method for configuring a PDCCH for transferring configured uplink grant control information, methods
for configuring a PDCCH to indicate downlink data reception as disclosed in the description of FIG. 12 or 13 may be used.
[0155] Meanwhile, the time slot transmission resource structure intended for interworking with the frame structure of
the legacy wireless communication system (for example, 3GPP LTE) within a random FFT/IFFT size as suggested in
FIG. 11 may be configured based on, but not limited to, normal CP application of the 3GPP LTE, which configures a
1ms subframe of 14 OFDM symbols. That is, in case of extended CP of the 3GPP LTE system, the suggestions of the
present invention may be used based on the time slot transmission resource structure of 12 OFDM symbols.
[0156] FIG. 15 is a diagram illustrating a resource structure according to the present invention in case of extended CP.
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[0157] A time slot transmission resource structure shown in (a) of FIG. 15 and (b) of FIG. 15 does not include special
symbols unlike the aforementioned resource structure. In (a) of FIG. 15, the time slot transmission resource structure
corresponding to a case where 3 OFDM symbols are configured as one low latency subframe (LL-subframe) like normal
CP is suggested, and in (b) of FIG. 15, the time slot transmission resource structure configured to include 4 OFDM
symbols in one LL-subframe in normal CP is suggested.
[0158] On the other hand, (d) and (d) of FIG. 15 and (e) and (f) of FIG. 15 respectively illustrate a time slot transmission
resource structure defining 3 special symbols and a time slot transmission resource structure defining 4 special symbols.
In the individual time slot transmission resource structures shown in (c) to (f) of FIG. 15, the special position of the special
symbols may be configured differently from that those shown in FIG. 15 depending on a purpose of use of the special
symbols. The description of the use examples of all the special symbols and the network radio node (or base station)
and UE operation according to the use of the special symbols in case of normal CP may equally be applied to the time
slot transmission resource structure specifically configured for extended CP.
[0159] FIG. 16 is a block diagram illustrating a communication apparatus according to one embodiment of the present
invention.
[0160] Referring to FIG. 16, the wireless communication system includes a base station (BS) 110 and a user equipment
(UE) 120. If the wireless communication system includes a relay, the base station and the UE may be replaced with the
relay.
[0161] On a downlink, a transmitter may be a part of the base station 110, and a receiver may be a part of the UE
120, On an uplink, the transmitter may be a part of the UE 120, and the receiver may be a part of the base station 110.
[0162] The base station 110 includes a processor 112, a memory 114, and a radio frequency (RF) unit 116. The
processor 112 may be configured to implement procedures and/or methods suggested in the present invention. The
memory 114 is connected with the processor 112 and stores various kinds of information related to the operation of the
processor 112. The RF unit 116 is connected with the processor 112 and transmits and/or receives a radio signal. The
UE 120 includes a processor 122, a memory 124, and a radio frequency (RF) unit 126. The processor 122 may be
configured to implement procedures and/or methods suggested in the present invention. The memory 124 is connected
with the processor 122 and stores various kinds of information related to the operation of the processor 122. The RF
unit 126 is connected with the processor 122 and transmits and/or receives a radio signal. The base station 110 and/or
the user equipment 120 may have a single antenna or multiple antennas.
[0163] The aforementioned embodiments are achieved by combination of structural elements and features of the
present invention in a predetermined type. Each of the structural elements or features should be considered selectively
unless specified separately. Each of the structural elements or features may be carried out without being combined with
other structural elements or features. Also, some structural elements and/or features may be combined with one another
to constitute the embodiments of the present invention. The order of operations described in the embodiments of the
present invention may be changed. Some structural elements or features of one embodiment may be included in another
embodiment, or may be replaced with corresponding structural elements or features of another embodiment. Moreover,
it will be apparent that some claims referring to specific claims may be combined with another claims referring to the
other claims other than the specific claims to constitute the embodiment or add new claims by means of amendment
after the application is filed.
[0164] In this specification, the embodiments of the present invention have been described based on data transmission
and reception between a base station and a user equipment. This transmission and reception is equally/similarly extended
to signal transmission and reception between a user equipment and a relay or between a base station and a relay. In
this specification, a specific operation which has been described as being performed by the base station may be performed
by an upper node of the base station as the case may be. In other words, it will be apparent that various operations
performed for communication with the user equipment in the network which includes a plurality of network nodes along
with the base station may be performed by the base station or network nodes other than the base station. At this time,
the ’base station’ (BS) may be replaced with terminologies such as a fixed station, Node B, eNode B (eNB), and an
access point (AP). Also, a ’terminal’ may be replaced with terminologies such as a user equipment (UE), a mobile station
(MS), and a mobile subscriber station (MSS).
[0165] The embodiments according to the present invention may be implemented by various means, for example,
hardware, firmware, software, or their combination. If the embodiments according to the present invention are imple-
mented by hardware, the embodiments of the present invention may be implemented by one or more application specific
integrated circuits (ASICs), digital signal processors (DSPs), digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FPGAs), processors, controllers, microcontrollers, microproces-
sors, etc.
[0166] If the embodiments according to the present invention are implemented by firmware or software, the embodiment
of the present invention may be implemented by a type of a module, a procedure, or a function, which performs functions
or operations described as above. A software code may be stored in a memory unit and then may be driven by a
processor. The memory unit may be located inside or outside the processor to transmit and receive data to and from
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the processor through various means which are well known.
[0167] It will be apparent to those skilled in the art that the present invention may be embodied in other specific forms
without departing from the spirit and essential characteristics of the invention. Thus, the above embodiments are to be
considered in all respects as illustrative and not restrictive. The scope of the invention should be determined by reasonable
interpretation of the appended claims and all change which comes within the equivalent scope of the invention are
included in the scope of the invention.

INDUSTRIAL APPLICABILITY

[0168] The present invention may be used for a user equipment, a base station, or other equipment of a wireless
communication system.

Claims

1. A method for transmitting an uplink signal for low transmission latency by a user equipment in a wireless commu-
nication system, the method comprising:

transmitting to a base station an uplink control channel including control information on an uplink data channel;
and
transmitting the uplink data channel,

wherein the uplink data channel is transmitted in at least one advanced subframe comprising M number of orthogonal
frequency division multiplexing (OFDM) symbols, and the uplink control channel is transmitted in at least one special
symbol which is separate from the advanced subframe.

2. The method according to claim 1, wherein the uplink control channel includes configuration information of the at
least one advanced subframe.

3. The method according to claim 1, wherein a sum of a transmission slot of the at least one advanced subframe and
a special symbol transmission slot including the at least one special symbol corresponds to a transmission slot of
a legacy subframe that includes N number of OFDM symbols.

4. The method according to claim 1, wherein M is 3.

5. The method according to claim 3, wherein the other special symbol except the at least one special symbol from the
special symbols is used to transmit at least one of an uplink synchronization signal and an uplink channel sounding
signal, or is used for measurement of an interference signal.

6. The method according to claim 3, wherein each of first and second special symbols of the at least one special
symbols includes control information on an uplink data channel transmitted via its subsequent advanced subframe.

7. The method according to claim 6, wherein the first special symbol includes control information on an uplink control
channel transmitted form the second special symbol.

8. The method according to claim 7, wherein the control information on an uplink control channel transmitted form the
second special symbol includes a frequency band of the uplink control channel transmitted in the second special
symbol.

9. The method according to claim 7, wherein the subsequent advanced subframes are at least 2 advanced subframes.

10. The method according to claim 5, wherein the special symbols have a position varied depending on their purpose
of use.

11. A method for receiving an uplink signal for low transmission latency a base station in a wireless communication
system, the method comprising:

receiving an uplink control channel, which includes control information on an uplink data channel, in a user
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equipment; and
receiving the uplink data channel based on the control information,

wherein the uplink data channel is transmitted via at least one advanced subframe that includes M number of
orthogonal frequency division multiplexing (OFDM) symbols, and the uplink control channel is transmitted in at least
one special symbol which is separate from the advanced subframe.

12. A user equipment for transmitting an uplink signal for low transmission latency in a wireless communication system,
the user equipment comprising:

a transmission and reception module transmitting and receiving a signal; and
a processor controlling the transmission and reception module to transmit an uplink control channel, which
includes control information on an uplink data channel, and transmit the uplink data channel,

wherein the uplink data channel is transmitted via at least one advanced subframe that includes M number of
orthogonal frequency division multiplexing (OFDM) symbols, and the uplink control channel is transmitted in at least
one special symbol which is separate from the advanced subframe.

13. A base station for receiving an uplink signal for low transmission latency in a wireless communication system, the
base station comprising:

a transmission and reception module transmitting and receiving a signal; and
a processor controlling the transmission and reception module to receive an uplink control channel, which
includes control information on an uplink data channel, from a user equipment and receive the uplink data
channel,

wherein the uplink data channel is transmitted via at least one advanced subframe that includes M number of
orthogonal frequency division multiplexing (OFDM) symbols, and the uplink control channel is transmitted on at
least one special symbol which is separate from the advanced subframe.
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